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Sumnmary': We pr-esenit a collection 1 182 isogenic strains c()oltaitiilg gaJ)eiieti(cllv, liniked(
antibiotic resistance elementes located (it (lppr-oxuinwatelv /1-wiin intervals aroulnld the
Escherichia (oli chromosome. At mnost positiolis hotli TnlO (Tet') alndl T'NlOkan (Kan')
elemnentts are available, so tllat the collection contains ai litike(d set of' ailternaitimig
antibiotic resistance markers. The miiap position of' each insertion hIaIs beeli aligne(l to
the E. coli genetic mnap (iS well a.s to the Kolhar ordered clone b(anik. These strains ar e
designied to be uised in a r(pid two-step mnaipping system iin E. coli. In thefirst step, the
mi(tation is localized to a 5- to 15-iniii regioni of'tlhe chromosome by Hflf inappiiig with
a set of Hfi strains containing eitlher TnlO or Tnl0kan elementslf(ocated 20 mninjiioin
their respective origi,ins of'trainsfer. In the second step, the imlitationi is locali edl to a
1-min region by P1 transduction, with a collection of' isogenic inisertion strcains as
donors. We discuss the luses of'tlis collection of'strains to mlap (iii(l eventually to clone
a variety of mutattions in E. coli.

R-Body-Producing Bacteria Finn R. Pond, Ian Gibson, Jorge
Lalucat, and Robert L. Quackenbush ....... ................... 25-67

Suinmary: Until 10 years aigo, R bodlies were kniowsn iinl! as diagnostic featiures by
which endosymbionts Of paramecia1 were ideiltified ais kappa particles. Thle were
tholught to be limited to the cytoplasmn of'two species in the Paramecium aurlelia species
complex. Now, R bodies have beenjfound in firee-living bacteria t(id othle Paramecium
species. The org(aniisis o1011'known to(ft)rn R bodies include the cytoplasmic khappa
enidosyinbionts of' P. biaulrelia a ici P. tetraulrlselia, the inacronc(lear kappai endosvin-
biontts of'P. caludatuin, Pseludlomnonal.s a veniae (a free-living plaiit pathogen), Pseuido-
monatis taeniospiralis (a hydrogen-oxidizing soil inicroorgailisin), Rhlod(ospirilliamn ceii-
tenulm (a photosynthetic bacteriumu), aici ai soil bacterium, EPS-5028, which is pr-obaib/v
a pselucdonmonad. R bodies themnselves fall into.five distinict grouip)s, distiniglishled by size,
the morphology of'thle R-body ribbonis, (iic(i the uiiolliiig behavior of'wound R bodies.
Iti recent vears, the inhleent difficulties in stul(dyinig the org(aiiza(tion (andl assembly of'R
bodies by thle obligate endosymnbiont kaippai, have been alleviated byx cloning(ig ndt
expressinig genetic leterimiiiiaiits for these R bodies (type 51) in Escherichia (oli. Type
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51 R-bodv synthesis requires tliree low-nolecular-mlass polypeptides. One of these is
mttodified posttranslationallv, giving ri.se to 12 polypeptide species, whinc/ Cire the ima(ijoI
striictiural sublnits of the R bodv. R bodies cire encoded in kappa species by
extracliromosomnal ele)nenits. Type 51 R bodlies, produced in Caedibacter taeniiospirialis,
ar-e encoded byia plaslsmid, whereas bacteriophage gemiomines pr-ohubl!! control R-bodv
synthesis in other kappai species. However, there is no evidence that either- bacterio-
phages or plasmids are present in P. avenue or P. tuieniospiiralis. No sequence
homology was detected between type 51 R-body-encoding DNA calnd DNA from anx'
R-body-producing species, except C. varicaedens 1038. The evollitiona(r relatedness ot
different types of R bodies remains unknown.

Physiology, Biochemistry, And Specific Inhibitors of CH4, NH4+, and
CO Oxidation by Methanotrophs and Nitrifiers. Charles
Bedard and Roger Knowles ................... 68-84

Su/m ary: A mmnomlici oxidizers (falmily Nitrobacteracece) anid miethaic)otrophls (Aimily
Methylococcaceae) oxidlize CO cincl CH4 to CO, cimil NH4' to NO,. However, the
relctive contributions of tuie two groups of'orginiismns to the metabolism of CO, CH4,
cnch NH4 ' in various en virc)oinents Cl/re not knowmi. In the cimmnioiici oxidizers, cimciiioai
moncnooxVgenase, the enzyme responisible f)r the coilnversioni of NH4 to NH,OH, cilso
catalyzes the oxidation of CH4 to CH.OH. Ammnnonia mnonooxvgenase also mnediaites the
trcansforinationi of CH3OH to CO, ci c ell carbon, butt the pathway'N, by which this is clonte
is tiot known. At leaist onte species of almmnonici oxidizer, Nitrosococcus oceanits,
exhlibits Ci Kjofr CH4 oxiclationi simnilcir to thtCit o)f metlicuic)tr)opiis. However, tue htighiest
rate of CH4 oxidcitioni recorded in ctm (immttotnici oxidizer- is stillfive timties lower thaiian Irtes
iii mnetitiamiotropiis, andtl cuinnoilicio)xixdizers cire (ipar)enttlv ituiable to gr-ows omi CH4.
Methantotrophis oxidize NH4 to NH,OH vic mnethaniie monooxygenase (ciic NH to
NH,OH vici netlicitie monooxgenaise and(i NH,OH to NO- via ciii NH,OH oxidclse
which mtciay r-esemnble the emizyme ftuind in (Elntmniticl)xoidiizers. Maiximumic(rites of NH4
oxidation ctu?e considerablyl lower tlicimi in am)tiinoiic oxicdizers, cimich the affimiity for NH4
is generally lower titicii in ainmnonii(a oxidizers. NH4' c)oes tiot cippciremitly slippo)rt
growtii ill mnetlhanotr-ophlis. Botlh amnmolici monooxygemicise cimid tnetliatie momiooxygen-
cise oxidize CO to CO, bult CO cannot siippo)rt growth in either (immin)nomicac izer.s or
mnetlhtciotroplis. These orgcinismns hicye a{ffinities for CO which are comnpcirable to those
for tlheir growth sulbstraites (imidc oftent hlighier tiicii those ii carboxydcobaciteria. The
methanie mnonooxygencases of mnetihainotrophs exist ini two formns: ci sollible Jo)rn ciiid ci
pcirticulcteko)rm. Tue solutble fonm is well chiraciterized cimol cippe(ar-s umiiirelaiteci to tlhe
pcirticulcite. Ammc)iici moniooxgenicise cimid tue pcirticuliate metlicine monooxvgenase
siicie ci miumnber of'simnilcirities. Bothl ezl7vines cointcaii copper cid(ciare membroine boluncd.
They oxidize ci vciriety Of imiorganic(imid orgacinic co)mnpoc)uds, aicd thieir iiiiibitor p)ofile.s
cire similcir. Imiliibitor.s tio)iiglit to be specific to oimnin1oiiici oxidizers haive beemi used ii
emi viromimneitl stludies of'itrificcitiocin. However, cilmost cill of'tlue iiuiner-oiis ccmnpo)indcs
fonind to inlhibit citnmnoiiia oxidizel.s (ulso itiliibit inetliciniotroplis, itid mnost of tlle
imlihibitor-s acit lipoli the Inonoo)xygeiicises. Mnix pr-oboibly, exert tieir effect by chelciting
copper, which is essemticil to the properfiunctiomiing of somne miomiooc)xygemncises. Thi lack
of inhltibitor-s specific fot onie or the otlier- of tlue tlw() grolups of bcicterici hcinper.s the
detertminationt of tlhein relctive m oles iii miciture.

Microbial Ureases: Significance, Regulation, and Molecular Char-
acterization. Harry L. T. Mobley and Robert P. Hausinger.. 85-108

Summmaciry: Microbicil urecises hiydrolyze iurec to imnmnonii cimid coirboni dioxidte. Ulrecse
cictivity Of ciii infectiouiis imiicro)o)rgciniismn caiii conitribiite to the dlevelo)pmnenit O(f urimioiry
stomies, pyeloiepiiritis, gaistric ulcercitioni, cimich otlher disecises. In cont)iraist to these
hc rnf id eff'cts, ureoise activity of rumonimicil citid gdist testiiicil mnicroorgainisins cdnii
benefit botlh the miicrobe ciicl hlost b recyclinhg (thereby coniserlvinig) urec iiitr-ogen1.
Microbicil urCeacsesCilso ploiy ciii impo)rtanit role in litilizaitiomi of en vironiimenltal nitroge-
n)ii5s C()npo)imndls imicd ur)-eci-boised fer-tiliz.9ers. UreaCse is li iligi-iio)lecui(ldir-weight, imiuilti-
ineric, miickel-contaiimning el 7''ine. Its cytoplaisinic lOcaitioni r-equires tllict ureai enlter the
cell for litilizcitiomi, cimd in somtie species energy-dependent ureci luptcike systems hicive
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beeni detected. Elucarvotic inicroorganismns possess ai h1om7opolvmneric iarease, anll(lo-
gouls to the well-studied plan1t enzymne composed t f'six identical subuniits. Gramn-positive
bacteria may a/so possess hoinopolvmneric u-reases, blt the evidenice for this is hiot
cyoniiclusive. In conitrast, treases firomn grain-negative bacteria sttdclie(/ thi s Jfar clear/lv
possess thlree distinct subunitis wit/i M,s of'65,000 to 73,000 (o.), 10,000 to 12,000 (r), land
8,000 to 10,000 (y). Tighlt/v bolunid nickel is presenit in all iareaises and appears to
participate in catalysis. Ur-eaise genes Iave beeii cloned fi'rom severlaI-(il species, aiid
nickel-conitaining recombinanit ureases have beeIicharacterkized. Three structuralg'enes
are transcribed otn al sinigle nessenger ribonulcleic acidain1d traClislaitedl in tle order y, @,
(i/id tlhei o.. In addition to tllese genies, several othier peptic/es wice encoded in the arease
opeotio01o'soe species. The roles for these otlher geies are not firm/v-N established, blt
mnay involve regullationi, lurea transport, nickel transport, or iiickel processing.

Protein Phosphorylation and Allosteric Control of Inducer Exclusion
and Catabolite Repression by the Bacterial Phosphoenolpyruvate:
Sugar Phosphotransferase System. Milton H. Saier, Jr ....... 109-120

Siuincinrv: The bacterical p/iosp/iotrcanse'rcise svstemi (PTS) ftinctionis in a variety of'
regulcatory ccpciCities. On1e of'the best clicaraciterized of'tlhese is tlhe process by whic//i tllc
PTS regila/ctes inducer luptcike (cuicl cctcabolite repression. Ecirlv genieti(c (ccli p/iysiolog-
icacl evidence sluppor-ted ci in ech/icuiism whereby the phiosphiorvlcitioni state of'aci enIzvme
of' the PTS, the enzvuie III spec(fic fo'r glutcose (Ifll"I'), cllostericcilly inhlibits the
acitivities of a nIuml8ber of'per-/ineases ciclEl ccitcibolic enzymes, the lcictose, galcictose,
lmnelibiose, anld mciltose perineases, Cis well cis gl'vcerol kinitse. Extensive biochem icacl
evidence niowt' slupportts this mnodel. Evidence is also acvcilcible showing tlicit substrcite
binidinig to those tcirget proteinis enh/icnces thieiracimiities Jor III"I". Iii the (csC o'f tle
lacctose pernmecise, this po)sitively coopercitive interdction r-eprese/its c wiell cdocumented
excumple of'trcasmnembranc sigiicdliig, cleniomistratecl hotli iii vivo ciii/ in litro. Alt/ioug/
tlhe PTS-imieclicitecl reglclitioni of' cyclic AMP sviit/iesis (ccatabolite repr-essioi/) is iot cas
well defined from ci mech/icnistic stcilandpo)iiit, al mIoc/(el involvimig callosteric activcitioii of'
cdclenylcite cvelcise by p/iosp/ho-IIIIi', together wit/i the evidence sutppor itng it, is
pr-esetiitet. These regulcatorv inec/iciiiisms minci p/ole to be opercitive ini graim/i-po)sitil'e acs
well cis grcim-negactive bcicterici, bitt thejfortmer orgainismiis imiaV/in ihae iitrocucec/
vciriationis ot the t/liemle by co)vclentl/y cttcic/iing III('-like moieties to soiie of'tlhe tcir-get
perineases ciiic/ ccatcibolic eniizmes. It (appe(irs like/vN tlicit the gemiercil process (of
PTS-catacldv1zed proteiii pliosp/iori-!ltioii-clepiosp/io)rvlcitio)mI will p/ole to be im?ipor'tci it to

t/ie reglcltition o'iiiiiuneroiis bcactericil p/iysiologiccil pr'ocesses, imiclucding c/heinotcivxis,
intermdc/icirv mnCet(ibolisui?, genie trciniscription, cimich virldenice.

Physiological and Genetic Responses of Bacteria to Osmotic Stress.
Laszlo N. Csonka ......................................... 121-147

Sumincarv: T/ie cipaccitv of' orgciiiisimis to respconicl to fluctulctions iii t/ieiri osmotic
envlironim?ieiits is ciii iitipo-t(iiit p/li'siologiccil process t/at dletermnimies tliile cibilities tc)
th/irve il1 ci vlcriety ofiliabit(cts. T/ie pr)im/iarv respomise of bcicterici to exposure to ci /iig/i
osmnotic environ/enet is t/ie ciccumnulciationi of'certciii solutes, K gltct(ilii(ite, treh/iclose,
pi-olinie, ciiic ,glvcinebetaiine, cit co/ice/i trditic)iis t/llct clue pr-opor-tioiicil to tll(/ (Siio(lcritv of'
t/ie in ediuml. T/ie supposed.cfinctioi of t/liese solutes is to mciinlt(iiii t/ie osimiolciritv off t/he
cytoplcisiii cit ci vclute gr-eciter- t/icui tl/ie osi/iolcir-itv of tlie imiediuimii ciii(c t/liis provide tilurgor
pressui'e wit//in t/ie cells. Ac((tumlcidtioii Of t/ihese mnetcibolites is ciccomnplis/iecl hb ce i/c vo
svith/esis on' by lptcake fioin t/ie imiechliiui. Prochuctiomi of proteiins t/icit imiecdiite ciccumnl-
Icitiomi on uiptcake of thiese metcibolites is umicder o)si/otic coiiti'ol. 7'his rev'iew' is ciii ciccouit
of' the processes tlhict mtlechi(cte (ilcicptatiomi of' bcacteric to changes iii thleir osmnotic
eii viro/nm/enit.

Transformation in Fungi. John R. S. Fincham .... ............... 148-170

Situnmncrv: Tiraiinsfo'rinactioni with exogeious cdeoxyribomiucleic acici (DNA) tioio) cppecirs
to be possible wi it/i cll filincal species, am cit lctist cill t/icit cciii be growni iii culture. This
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field of' research is at present dlonminated by Saccharomnyces cerevisiae ancd two
filanmentolls memhbers oJ the class Ascomycetes, Asper-gillu/s nlidu/lan.s anId Neiirospora
crasSa, with slubstantiail contributions cil1so fro fissioin yeast (Schizosaccharomyces
poinbe) a(id aniother filamen itolis mnemtiber of'the (class Ascomycetes, Podospora anse-
rina. However, tran.sformation hiaIs been1 demiionistracited, aind will t10 doiubt be extensively
utsed, in representatives of' most of the main f ingal classes, including Phycomycetes,
Basidiomycetes (tlhe order Agaricales ancd Ustilago species), and a nunmber of the Flngi
Impefejcti. The list includes a nuinber of placnt paithogemis, al11d translformation is likely
to becomne importacnt in the (nalnvsis of'the molecular basis of'pathogenicity. Transfor-
mation may be mnaintained either- by uisingg an autonomously replicating plasmid as a
vehicle ,for the transforming DNA or throuigh integr-ation of' the DNA into the
chromosomes. In S. cerevisiae and other- yeasts, a variety of tauitonomolusly replicating
plassmids have beenl lused successfidly, some of them designed fo,r luse as shluttle vectors
for Escherichia (oli ais well as fore(ieist tralnsfo6rn(ation. Suitable plasmnids aire not yet
available for utse in filamentols fungi, in which st(ible tr(lnsformnation is dependent on
chromosomal imitegir(itioni. In Saccharomyces cerevisiaie, integr(ation of' transforming
DNA is virtualllv alwavs by homology; infilamentous fungi, in (contrast, it occ(lurs just as
fieqiuently (it nonhomologouts (ectopic) chromosomal site.s. The (aiiin importance of'
tr(ansformnationl in flin1gi ait presenlt is in (conlnlec'tionl with genie cloning anid the analvsis of'
gemie JUnction. The mtost (advalncedI work is beinlg donIe with S. cerevisiae, in which the
virtual restriction of st(able DNA initegraltioni to hlomtiologolus (hiromnosomne loci eniables
gene disrulption and gene replacement to be c(arried oilt with greater precision and
effi(ien(y than is possible in other species thatt showt, a hiigh proportion of' DNA
integriatiomi events at n0omlhonologolus (ectopic) sites. Witli ai little more tr-ouble,
however, the mtetlodologyy piomneered for S. 'erevisi(ie can be applied to otherfiungi too.
Transformation offiunigi with DNA (onlstrui(cts desigmied fkr high gene expression and
efficient se(retion of'gene products appeacrs to have great commer(ial potential.

Date of Issue: 2 March 1989


